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Synthesis of PtNiMo/C catalyst:

The synthesis of carbon supported PtNiMo catalyst was carried out by using a surfactant free solvothermal method following literature
procedures.[2?135] A typical protocol is as follows: Pt(acac): (94.5 mg, 0.24 mmol), Ni(acac)z (55.6 mg, 0.22 mmol), Mo(CO)s (2.2 mg,
0.007 mmol) and Benzoic acid (586,2 mg, 4.80 mmol) were dissolved in 12 mL of DMF by 10 minutes of ultrasonication. The solution
was transferred into a 23 mL Teflon lined stainless steel autoclave from Parr Instrument and after adding Ketjenblack EC-
300J (126.4 mg) it was sealed and put into a preheated oven at 200 °C. After 24 h of synthesis, the autoclave was removed from the
oven and allowed to cool down to room temperature in the fume hood naturally. The resulting nanoparticles on Ketjenblack were treated
ultrasonically for 30 min and dispersed in ethanol afterwards, which was stirred for 3 days. The washing procedure was performed
within three wash cycles, which consisting of centrifugation, decanting the supernatant, adding fresh solvent and dispersing the mixture
by ultrasonic treatment, respectively. As solvent ethanol (ultrapure, denatured) was used for the first two cycles and acetone (ultrapure)
was used for the third cycle continued by filtered the mixture and once more cleaned with acetone, water (ultrapure) and ethanol
(absolute) until filtrate was colorless. The received catalyst was dried overnight at 80 °C under vacuum.

Structural characterization

ICP-OES analysis to determine the sample compositions was conducted and obtained a Pt-loading of 22.2 wt. % and a final atomic
composition of Pt:Ni:Mo = 1:0.61:0.0035. The STEM analysis (Figure Sla-b) reveals a uniformly distribution of octahedral shaped
nanoparticles over the carbon support with a low content of aggregation. An additional insight into the characterization of the catalyst
is also shown in our work?? on a similar catalyst. The TEM images show a uniform distribution of the octahedral shaped PtNiMo
nanoparticles on the carbon surface with an overall particle size of 6.0 (+0.9) nm. Further, this catalyst provides a Pt-loading of
17.3 wt. % and an atomic composition of Pt:Ni:Mo = 1:0.44:0.01, confirming the success of the synthesis procedure. From the XRD
analysis (Figure S1c) we can see a similar behavior of all diffraction peaks shown in our previous work!?3]. Herein, also a shift toward
higher angles in compare to the reference Pt results, which indicates Pt lattice contraction due to alloying Pt with transition metals (Ni,
Mo). Further, no additional peak from Ni or Mo species can be detected in the XRD pattern, which confirms the formation of a single
Pt-based alloy phase.



Electrochemical Measurements:

In addition to the electrochemical measurements, the IR-drop effect was compensated for all ORR measurements. Herein, the ohmic
resistance was determined by conducting electrochemical impedance spectroscopy (EIS) analysis with an AC signal analysis (5 mV,
10 kHz). The mass-transport corrected kinetic current (i) which used for evaluating the ORR performance was calculated based on

the Koutecky-Levich equation:[4?!

1 1 1
i1 (S1)

l Lk lq

Where i is the experimentally measured current from the positive going polarization curves, which is background current corrected (in
Nz-saturated electrolyte), iq is the diffusion limiting current and ix the kinetic current. Obtained kinetic currents were normalized to the
ECSA or mass of Pt to obtain the specific activity (SA) or mass-specific activity (MSA) of Pt, respectively.

Supplementary figures:
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Figure S1: a-b) STEM image of PtNiMo nanoparticles supported on Ketjenblack EC-300J. b) XRD diffraction peaks with assigned peaks from Inorganic Crystal
Structure Database (ICSD).
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Figure S2: Specific activities at 0.90 Vrxe in Oz and ECSA development throughout increasing conditioning cycle numbers from initial to 800 cycles for PtNiMo/C.
Potential range: 0.05-1.20 Vrie, ORR at 20 mV s with rotation at 1600 rpm in saturated 0.1 M HCIO4 solution.
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Figure S3: a) SA_CVens and MSA_CVend progress in dependence of ORR cycle numbers at 0.90 Vrye. b) Average SA_CVena Screening values (unfilled squares)
and repeating measurements (filled squares) at 0.95 Vrue from different catalyst inks of PtNiMo/C. Recorded in Oz-saturated 0.1 M HCIO4 electrolyte (potential
range: 0.05-1.20 Vryg; Scan-rate: 20 mV st with rotation at 1600 rpm).
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Scheme S1: Experimental protocol scheme for PtNiMo/C in section 3. Shown are the pretreatment cycles in N2 or Oz, the change of atmosphere and resulting
curves as CV or polarization curve for ORR in the same electrolyte. In type iii), several numbers of cycles are done in repeating change of atmosphere in the same
electrolyte. Potential range: 0.05-1.20 Vrwe at 20 mV s, ORR with rotation at 1600 rpm in O, saturated 0.1 M HCIO4 solution.
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Figure S4: Average values (unfilled squares) for activity progress of PtNiMo/C in O2 from Figure 3c. Additionally specific activity data points a) after ORR-cycles
(filled squares, type i) and b) after CV-cycles (filled triangles, type ii). Potential range: 0.05-1.20 Vrye at 20 mV s, ORR with rotation at 1600 rpm in O saturated
0.1 M HCIO4 solution.

FL

1

..,

—[]— average values
type i) experiment

|—m— after 5 ORR-cycles
after 6

—m—after 7

—m— after 9

A [ | ﬂ A —m— after
llll!lii!_!lngggz-—:—aierg

—Mm— after 15
—M— after 17
—~ M- after 20
J—m— after 21

5 10

ORR-Cycles

15

20

—0O—average values

type ii) experiment

1A after 4 CV-cycles

—h— after 5
A after6
—h—after 8
after 10
—A— after 11
after 14
A— after 16
—h— after 19

J—&— after 20

10

15
ORR-Cycles

20

Figure S5: Activity development of each selected cycle number a) up to the point in O: (filled squares) and b) after cycling in N2 (filled triangles), respectively.
Repeating SA screening with different catalyst inks (unfilled squares) for PtNiMo/C. Potential range: 0.05-1.20 Vrye at 20 mV s, ORR recorded at 1600 rpm rotation
in saturated 0.1 M HCIO4 solution.
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Figure S6: Comparison of CVs after different a) ORR cycles (type i) and b) CV cycles (type ii) in N2 saturated 0.1 M HCIO4 solution. Potential range 0.05-1.20 Vrre
and scan rate at 20 mV s
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Figure S7: Electrolyte refreshing after each cycle in alternating N2/O2 atmosphere at 0.95 Vrue. Potential range: 0.05-1.20 Vrre, SA recorded at 20 mV s? and
1600 rpm rotation in Oz-saturated 0.1 M HCIOa.
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Figure S8: Comparison measurement with Pt/C catalyst. Electrolyte refreshing after each cycle in alternating N2/O2atmosphere at 0.9 Vrue. Potential range: 0.05-
1.20 Vree, SA recorded at 20 mV s™ and 1600 rpm rotation in Oz-saturated 0.1 M HCIO4.
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Figure S9: Peak area determined from CO stripping experiment shown in Figure 8b.
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Figure S10: Electrochemical online scanning flow cell ICP-MS measurements in Ar saturated 0.1 M HCIO4 electrolyte. 20 CVs between 0.05Vrxe and 1.2 Vrue
were performed at a cycling rate of 20 mV s, before holding 0.05 Vrwe for 300 s again.
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